INTRODUCTION
Sleep-disordered breathing (SDB) is characterized by periodic reductions or cessation of the airflow during sleep and this leads to hypoventilation, apnea and sleep fragmentation. SDB is mostly caused by narrowing of the upper airway tract. Collapsibility of the upper airways is one of the mechanisms involved in the pathogenesis of SDB, and a large tongue base could be associated with a higher risk of SDB because it can make the airway narrower [1] .
Nasal breathing is the preferred route of breathing when we are awake and sleep. The relationship between the nasal airway and the collapse of the upper airways is complex, and the precise role played by the nasal airway in SDB is as yet unknown. But if a given patients has nasal obstruction, then they must breathe through the oral cavity and this mouth breathing lengthens and narrows the upper airway and makes it more collapsible to inspiratory negative pressure [2] . It may cause breathing through the upper airway more difficult to perform and sleep becomes more fragmented.
So in this study, the authors tried to evaluate whether the presence of nasal obstruction makes a change on the association between the modified Mallampati score (MMS) and the severity of SDB and sleep quality.
MATERIALS AND METHODS
We enrolled the consecutive adult patients who were more than 18 years old with suspected SDB and who underwent polysomnography (PSG) from January 2009 to May 2010. The study was approved by the institutional ethics committee. They had been referred to our department with complaints of snoring and sleep apnea. The patients we excluded from this study had already undergone an operation for obstructive sleep apnea syndrome (OSAS) or they had shown evidence of reduced cardiac function and/or chronic obstructive pulmonary disease at the time of the study. The patients with incomplete data were also excluded. The patients were interviewed and given a questionnaire on whether they usually have nasal obstruction when they are in the supine position and the patients were assigned to the 'without-nasal-obstruction' group and the 'with-nasal-obstruction' group.
All the patients received a full otolaryngologic evaluation, including the modified MMS, and they had undergone diagnostic PSG. The MMS is often used to assess the tongue base and its relation to the soft palate [3] . All the subjects had their height and body weight recorded and the body-mass index (BMI) was calculated. The MMS was evaluated according to the Friedman's classification described in our earlier study [4, 5] .
PSG was performed using the Alice3 (Healthdyne Technologies, Marietta, GA, USA) or Somnologica system (Embla, Broomfield, CO, USA). The day before the sleep studies, subjects were asked not to drink alcohol or caffeinated beverages. Overnight polysomnography was performed using a 4-channel electroencephalogram (EEG; C3/A2, C4/A1, O1/A2, O2/A1), a 4-channel electrooculogram, an electromyogram (the submental, intercostal and anterior tibialis muscles, and an electrocardiogram with surface electrodes. A thermistor (for monitoring nasal airflow), a nasal air pressure monitor, an oximeter (for measuring oxygen saturation), piezoelectric bands (for determining thoracic and abdominal wall motion), and a body position sensor were also attached to the patients. The subjects were recorded on videotape using an infrared video camera and they were continuously observed by a PSG technician. The sleep architecture was scored in 30 second, epochs, and the sleep staging was interpreted according to the standard criteria of Rechtschaffen and Kales.
Apneas and hypopneas were defined by previously reported criteria [6] . Obstructive apnea was defined as a reduction in the airflow >90% lasting ≥10 seconds during which time there was evidence of persistent respiratory effort. Hypopnea was defined as reduction in airflow by 50% with a duration ≥10 seconds or a reduction of airflow by 30% for more than 10, and this was accompanied by EEG arousal and/or 3% or greater oxygen desaturation. According to the American Sleep Disorders Association Task Force criteria [6] , arousals were classified as breathing-related arousals (occurring within 3 seconds following apnea, hypopnea or snoring) and other type of arousals (spontaneous arousal, periodic limb movement-associated arousals). The percentage of time spent in the non-rapid eye movement state versus the time spent in the rapid eye movement (REM) state and the central apnea were also recorded.
Statistical analysis was performed with SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). Spearman correlation analysis was performed to evaluate the associations between the MMS and PSG variables, including apnea-hypopnea index (AHI), arousal index and the proportion of deep sleep (deep sleep%) and REM sleep (REM sleep%). Partial Spearman correlation analysis was performed with adjustment for possible covariates. This statistical evaluation was also separately performed in the patient groups with and without nasal obstruction.
Chi-square tests were performed to verify the differences of gender, the SDB severity and the MMS according to the presence of nasal obstruction. Student t-test was used to evaluate the difference of BMI and age between the patients with and without nasal obstruction. The significance level was set at P< 0.05 for all the analyses.
RESULTS
Two hundred ninety eight patients visited our clinic and underwent PSG during the recruitment period. Twenty three patients were excluded from the study because of incomplete PSG data (n=9), data loss about nasal obstruction (n=8), known bronchial asthma (n=2), and previous OSAS surgery (n=4).
So, 275 patients were finally included in this study. They were composed of 217 males and 58 females. The female to male ratio was significantly higher in the without-nasal-obstruction group (Fig. 1) . There was no statistical difference of the AHI between the two groups with/without nasal obstruction (P =0.478) ( Table 1 ). The distribution of the MMS in the total patients was as follows: 23 patients (8.4%) were MMS I, 79 patients (28.7%) were MMS II, 70 patients (25.5%) were MMS III and 103 patients (37.5%) were MMS IV. The distribution of the MMS showed no statistical difference between the patients with and without nasal obstruction (P=0.178) (Fig. 2) .
No significant correlation was found between the MMS and the PSG parameters such as total AHI, arousal index, REM sleep% (REM sleep time/total sleep time×100), the deep sleep% (deep Variable are presented as mean±SD. AHI, apnea-hypopnea index; REM, rapid eye movement. *Analysis using partial sprearman correlation with adjustment for age, sex, tonsillar grade, and presence of nasal obstruction. † Analysis using partial sprearman correlation with adjustment for age, sex, and tonsillar grade. sleep time/total sleep time×100) and the lowest SaO2 for the total subjects, although there was some tendency for a correlation between the MMS and the total AHI (P=0.058). Analysis using partial Spearman correlation controlling for age, sex, tonsillar grade, and presence of nasal obstruction also revealed similar results (Table 2) . However, significant correlations were found between many of the PSG variables and the MMS when the subjects were divided according to the presence of nasal obstruction. In the patient group with nasal obstruction, a significant association was found between the MMS and sleep disordered breathing. The total AHI and arousal index became higher as the MMS was increased ( Table 2 ). Sleep quality was also influenced by the MMS in the patients with nasal obstruction. Deep sleep showed a significant decrease according to the increase of the MMS. The lowest SaO2 showed a decreasing tendency as the MMS increased even though it didn't reach statistical significance. Analysis using partial Spearman correlation controlling for age, sex, and tonsillar grade also revealed similar results (Table 2) .
There was little significant correlation found for the patients without nasal obstruction. Only the REM sleep% showed significant correlation with the MMS (Table 2) . However, after controlling for possible covariates including age, sex, and tonsillar grade, the REM sleep% didn't showe significant correlation with the MMS any more.
DISCUSSION
The present study showed that the MMS might be associated with SDB and the sleep quality in patients with nasal obstruction. An elevated AHI and arousal index and a decreased % of deep sleep were noted in the patients with higher MMS and nasal obstruction even though the association is low (Spearman's ρ for AHI=0.210). These results were confirmed with partial Spreaman correlation analysis controlling for possible covariates.
Nasal breathing is the preferred route of breathing when we are awake and sleep, and the nasal airway is responsible for approximately two third of the total airway resistance in wakefulness [7] . The contribution of nasal obstruction to SDB has been investigated in many articles. Complete nasal packing can cause poorer oxygen saturation in most healthy subjects and it can cause pathologic desaturation (an oxygen desaturation index≥ 12) in about half of the subjects [8] . However, the relation between nasal patency and the sleep parameters is very weak in real SDB patients and there is a dispute over the association between the increase of nasal resistance and SDB, although there have been some reported contradictory results [9] [10] [11] [12] . Medical and surgical treatments for nasal obstruction also have various results for SDB, although some studies have reported that it improves sleep quality [13] [14] [15] [16] [17] [18] .
Yet there is an interesting report about the SDB patient subgroups. Series et al. [19] reported that SDB patients with normal cephalometric variables, including the mandibular plane-hyoid length, had better postoperative PSG parameters after surgery. Mouth breathing that may be caused by nasal obstruction lengthens and narrows the upper airway and makes it more collapsible to inspiratory negative pressure [2] . From this result, we can assume that the presence of nasal obstruction may aggravate retroglossal narrowing during sleep. That's why we started the present study.
The present study showed that the SDB patient subgroup with nasal obstruction might be more influenced by a high MMS, which represents the size of airway in the tongue base level. There are two possible hypotheses for this association between nasal obstruction and MMS.
First, nasal obstruction can aggravate mouth breathing because impaired nasal breathing precipitates mouth opening during respiration when nasal resistance exceeds a certain level. This switch from nasal to oral breathing is disadvantageous physiologically and mouth breathing is associated with a reduction of the retropalatal and retroglossal areas and it lengthens the pharyngeal airway as a result of further posterior retraction of the tongue, which might result in elevation of AHI during sleep [1, 2] . Although the upper airway resistance is similar between the oral and nasal breathing routes during wakefulness, it is much higher while breathing orally than when breathing nasally during sleep [20] . A higher modified Mallampati score might have a more chance of resulting in the elevation of AHI during sleep with mouth breathing. Treatment of severe nasal obstruction can reduce mouth breathing during sleep [21, 22] .
Second, the nasal airway has a more rigid frame and the pharyngeal airway is surrounded by soft tissue, including the tongue and pharyngeal wall acting like Starling's resistor model [23] . Elevated nasal resistance upstream results in increased negative pressure (suction force) in the oropharyngeal airway downstream [24] . So, a larger tongue base and a narrower pharyngeal airway can be more influenced by the increased negative pressure caused by nasal obstruction [25] .
In the present study, we used the subjective sense of nasal obstruction as the standard for dividing the groups. There is little evidence whether objective methods for measuring nasal resistance (rhinomanometry) or cross-sectional areas (acoustic rhinometry) are better as a classification standard for nasal obstruction than a subjective method [26, 27] . Although the objective methods have been frequently used to evaluate the relationship between SDB and the nasal obstruction caused by septal deviation, the available literature provides inconsistent evidence to support this relationship [24] . Yet in patients with allergic rhinitis, a direct association between nasal resistance and the SDB severity has been found as well as between nasal obstruction and the subjective quality of sleep and daytime sleepiness [28, 29] . The severity of this variable nasal obstruction cannot be measured well with the objective methods, although epidemiologi-cal studies have shown that allergic rhinitis affects 9%-42% of the general population [24] . Therefore, We think the subjective method might have merits for evaluating nasal obstruction in these patients.
The present study showed the MMS is well correlated with the severity of SDB as well as the sleep quality, especially in patients with nasal obstruction. The MMS can give more valuable information about the severity of SDB to the sleep physician when combined with simple questions about nasal obstruction.
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